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ABSTRACT

The effects of 2% (vol/vol) lactic acid (LA), 2% (vol/vol) acetic acid (AA), 12% (wt/vol) trisodium phosphate (TSP), 72°C
water (HW), and 32°C water (W) washes on bacterial populations which were introduced onto beef carcass surfaces after wash
treatments were determined up to 21 days of storage at 4°C of packaged ground beef prepared from the treated and inoculated
carcasses. Beef carcass necks were collected from cattle immediately after harvest and subjected to the above treatments or left
untreated (control). Neck meat was then inoculated with low levels (ca. <2 log,) of Listeria innocua, Salmonella typhimurium,
Escherichia coli O157:H7, and Clostridium sporogenes contained in a bovine fecal cocktail. In general, growth of these four
bacteria, aerobic bacteria, lactic acid bacteria, and pseudomonads was suppressed or not observed in the ground beef when LA,
AA, or TSP treatments were used as compared to the untreated control. HW or W washes offered little suppression of growth of
pathogens during subsequent storage of ground beef when these bacteria were introduced onto beef tissue posttreatment. Of the
treatments used, a final LA or AA wash during the processing of beef carcasses offers the best residual efficacy for suppression of

pathogen proliferation in ground beef during long-term refrigerated storage or short-term abusive temperature storage if these
bacteria contaminate the carcass immediately after carcass processing.

A survey conducted by the U.S. Department of Agricul-
ture-Food Safety and Inspection Service (USDA-FSIS)
determined the prevalence of some bacteria of public
concern in ground beef to be 53.3% for Clostridium
perfringens, 11.7% for Listeria monocytogenes, and 7.5%
for Salmonella, and Escherichia coli O157:H7 was not
recoverable in the 563 samples analyzed (7). However,
studies have determined that making ground beef from
carcasses containing the lowest initial bacterial populations
can substantially reduce the prevalence of specific patho-
genic or general bacteria (6, 9, 16, 19, 22). Unfortunately,
few studies have considered the growth characteristics in
ground beef of bacteria originating from beef carcass surface
meat receiving various intervention treatments (3, 16).
Nevertheless, the growth and survival of various pathogens
common to ground beef has been thoroughly investigated
using bacteria inoculated directly into the ground beef and
held under refrigeration (10, 11, 13, 17, 21, 23, 25).

The potential for post-slaughter-process contamination
by bacteria is generally accepted and has been observed
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(12, 20). Consequently, there is a need to determine the
effect beef carcass interventions have on the ecology of
various pathogenic bacteria when these bacteria are intro-
duced onto the carcass following the slaughter process. The
purpose of this study is to determine the microbial ecology
of ground beef following experimental inoculation of beef
carcasses treated with hot water, alkaline, or organic acid
spray washes. Additional information will address the
effects of this postprocessing contamination on the micro-
bial ecology of ground beef following normal storage (4°C)

and following exposure to temperature abuse (12°C) condi-
tions.

MATERIALS AND METHODS

Bacteria cultures and fecal inoculum preparation. Antibi-
otic-resistant strains of Escherichia coli 0157:H7 CDC B6-914,
Listeria innocua ATCC 33090, Salmonella typhimurium ATCC
14028, and Clostridium sporogenes ATCC 11437 were isolated (3).
Spiked bovine feces was spiral plated on sorbitol MacConkey agar
with streptomycin at 250 pg/ml, Listeria selective agar with
streptomycin at 500 pg/ml, Rambach agar with nalidixic acid at
250 pg/ml, and Clostridium botulinum isolation agar without egg
yolk with novobiocin at 50 pg/ml to isolate and selectively
enumerate the antibiotic resistant strains of E. coli O157:H7, L
innocua, S. typhimurium, and C. sporogenes, respectively. Media
and component sources were described previously (3).

Inocula were prepared from bovine feces collected immedi-
ately postdefecation from three heifers maintained on a hay-silage
diet. Ten grams of each fecal sample was combined in a sterile
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Stomacher bag (Sterifil, Spiral Biotech, Bethesda, Md.) with 270
ml of sterile physiological saline and mixed by stomaching for 1
min using a Model 400 Stomacher (Tekmar, Inc., Cincinnati,
Ohio). An additional 1/10 dilution was made from this slurry.

Twenty milliliters each of E. coli O157:H7, L. innocua, S.
typhimurium, and C. sporogenes grown quiescently overnight in
tryptic soy broth with yeast extract (TSBYE) or in Schadler broth
(Difco Laboratories, Detroit, Mich.) containing the appropriate
antibiotic were pelleted by centrifugation and resuspended in 20 ml
buffered peptone water. Initial culture concentrations were esti-
mated from a McFarland turbidity standard comparison. Serial
dilutions, where appropriate, were made to a final concentration of
ca. 10° CFU/ml for each bacterium.

The final inoculum was prepared by adding ! ml of each
culture to a 15-mi sterile conical centrifuge tube, mixing by vortex,
then removing 2 ml of the resulting culture mix, and adding it to 18
ml of the filtered 1/10-diluted fecal slurry described above. The
final inoculum contained 3 to 4 log CFU of each marked bacterial
species per ml. This inoculum, applied to tissue, resulted in levels
of ca. 2 to 3 log CFU/cm? of E. coli O157:H7, L. innocua, S.
typhimurium, and C. sporogenes.

Beef tissue preparation. Beef carcass necks were collected
immediately after slaughter from a local cow and bull operation
and transported to Roman L. Hruska U.S. Meat Animal Research
Center (MARC). Three separate areas on each neck were marked
with edible ink using a sterile stainless steel template and cotton
swab. One area measured 10 by 10 cm (100 cm?) and the other two
measured 5 by 5 cm (25 cm?). The beef was then subjected to
intervention strategies described below. Control tissue received no
treatments. After intervention treatment(s) the 100-cm? and 25-cm?
surfaces were inoculated by pipetting 1 and 0.25 ml, respectively,
of the inoculum onto the surface and using a sterile gloved hand to
spread it over the entire marked surface. One of the 25-cm? areas
was sampled at this point by excision as described below.

The treated and inoculated beef carcass tissue was then placed
on aseptic plastic trays and stored in a segregated section of a
research 4°C walk-in cooler for 24 h. After this period, 1,000 g of
meat from the neck center was aseptically removed, including the
marked 100-cm? inoculated surface, and ground. Meat was ground
through a 4.5-mm head on a Model MG12, 1/4-horsepower grinder
(Davpol Enterprises, Inc., New York). Nonsterile fat was added as
part of the total sample to yield ca. 90% lean ground beef. The
resulting ground beef was placed into a sterile stomacher bag and
thoroughly mixed by hand kneading for 2 min. Fat content of the
ground beef was determined using a 56.7-g sample and a fat
percentage analyzer model F-100 (Needham Mfg. Co. Inc.,
Needham Heights, Mass.). One-hundred-gram portions were heat
sealed in 3.2-mil (8-um) nylon/copolymer bags (5 by 18 cm) with
an oxygen transmission rate of 52 cm?/m? at 23°C dry (Holly Sales,
Omaha, Neb.), using a Hollymatic model LV 10 G (Hollymatic
Corp., Countryside, I11.), and stored at 4 or 12°C.

‘Wash cabinet and treatment. The wash cabinet used for this
study was a stainless steel insertable pod of the commercial carcass
washer (W. J. Cary Engineering, Inc., Springfield, Mo.) described
by Dorsa et al. (4). Spray treatments were applied for 15 s at 80
Ib/in2 (5.5 bar) and 32 * 2°C at the tissue surface, except in the
case of hot water, which was sprayed at 74 + 2°C. Pretrials with
this system indicated 74°C at the nozzie would yield a maximum,
consistent temperature of 70°C at the tissue surface (data not
shown). All other physical parameters of the washer were set and
monitored to parallel those used in previous research involving the
commercial carcass washer (4). Wash treatments applied to the beef
necks were 2% (vol/vol) pL-lactic acid (LA) (Sigma Chemical, Co.,
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St. Louis, Mo.), 2% (vol/vol) acetic acid, glacial (AA) (Fisher
Scientific, St. Louis, Mo.), 12% (wt/vol) trisodium phosphate
(TSP) (Rhone-Poulenc, Cranbury, N.J.), hot water 70 * 2°C at the
tissue surface (HW), or water 32 * 2°C at the tissue surface (W).
The control group was left untreated. Each treatment was replicated
six times.

Sample enumeration. A single premarked tissue section (5
by 5 cm, approximately 1 mm thick) was excised and placed into a
stomacher bag for analysis immediately after treatments and
inoculation. An additional tissue section (5 by 5 cm by 1 mm) was
taken after refrigerated storage of the beef neck for 24 h at 4°C.
Following excision, the 25-cm?® samples were placed into a
stomacher bag with 25 ml of buffered peptone water (BPW)
containing 0.1% Tween 20. Additionally, an 85-g ground meat
sample was taken immediately after grinding of the beef neck meat.
Ground meat samples were placed into stomacher bags with 85 ml
of buffered peptone water (BPW) containing 0.1% Tween 20. All
meat samples were pummeled for 2 min using a Model 400
Stomacher (Tekmar, Inc.). Samples were then spiral plated using a
Model D spiral plater (Spiral Systems Instruments, Bethesda, Md.)
in duplicate or spread plated (1 ml total volume, over four plates)
on appropriate media. All plate counts were converted to loge.

Mesophilic aerobic bacteria (APC), lactic acid bacteria (LAB),
and pseudomonads were enumerated on Trypticase Soy Agar
(TSA) (BBL Microbiology Systems, Cockeysville, Md.) at 37°C,
Bacto lactobacilli agar (MRS) (BBL) with 0.02% sodium azide in
5% CO, at 30°C, and Pseudomonas isolation agar (PIA) (Difco
Laboratories) at 37°C, respectively.

The microbial profile of the ground beef was also determined
after incubation for 7, 14, and 21 days at 4°C and after incubation
for 1, 2, and 3 days at 12°C as described above.

pH determination. The surface pH of the neck meat was
determined using a flat surface combination probe (Corning model
245, Corning, Inc., Corning, N.Y.) immediately after treatment and
after 24 h of incubation at 4°C. A spear tip probe (Corning) was
used to determine the pH of ground beef immediately after grinding
and after 7, 14, and 21 days of incubation at 4°C and after 1, 2, and
3 days of 12°C incubation at 12°C.

Data analysis. The average of duplicate plate counts was
converted to log;o CFU/cm? or log;p CFU/g where appropriate. To
facilitate log analysis, any plate with a 0 count was assigned a value
of 10 or 1 based on the lowest limit of detection for the spiral plate
or spread plate counting method, respectively. Data were analyzed
by analysis of variance using the general linear model (GLM)
procedure of SAS (SAS Institute, Cary, N.C.) with a probability
level of 0.05 for a completely randomized design for the main
effects within each storage temperature of treatment, storage time,
and the interaction of these two main effects. Least squares means
(LSMs) were separated with the PDIFF option.

RESULTS |

The immediate effect various wash treatments had on
the beef surface pH is given in Table 1. The lowest and
highest pH values, observed on the tissues receiving the
organic acid and alkaline treatments, respectively, persisted
for 24 h. Once the tissue was ground, the average pH was
5.78 = 0.19 regardless of the treatment received by the
tissue prior to grinding. The pH for all ground meat samples
dropped slightly over the 21-day study period to an average
of 5.88 * 0.18, similar to pH levels observed in this
laboratory in previous studies. The average percent fat
content of ground beef from beef tissue from treatment
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TABLE 1. The average pH of beef tissue surfaces and resulting
ground beef from samples that were inoculated after treatment,
stored at 4°C for 24 h, then converted to ground beef; ground beef
samples were stored at 12°C and sampled on day 1, 2, and 3 or
stored at 4°C and sampled on day 7, 14, and 21

Treatment®

Sample period 2.0% 2.0% 12%
(days) C w HW LA AA TSP
<0.5 h* 8.34 8.17 7.84 4.18 4.49 10.94
24 h 7.49 7.83 8.27 4.46 4.57 9.23
0 5.97 5.73 5.68 5.82 5.66 5.85

1 5.99 5.76 5.77 5.80 5.73 5.89

2 6.01 5.76 5.79 5.84 5.77 593

3 5.96 5.71 5.72 5.78 5.72 5.87

7 6.06 5.82 5.84 5.89 5.81 597

14 5.98 5.74 5.76 5.81 5.74 591
21 6.06 5.76 5.81 5.88 5.78 6.00

< C, control; W, water, 32°C; HW, hot water, 70°C; LA, lactic acid;
AA, acetic acid; TSP, trisodium phosphate.

b pH values were taken from beef surface tissue immediately after
treatment (<<0.5 h) and after 24 h at 4°C.

¢ pH values were taken from resulting ground beef samples on days
0; 1, 2,3 (12°C); 7, 14, 21 (4°C).

groups W, HW, LA, AA, TSP, and C (untreated) was 10.9,
10.7, 10.8, 10.4, 10.5, and 10.9, respectively. Excessive gas
formation (blowup) was observed at the 21-day sample
period for one of six study replications in packs containing
ground beef incubated at 4°C and receiving no treatment. No
other blowups were observed throughout the study period.
Analysis of APC populations did not demonstrate a
significant difference between untreated control or W- and
HW-treated samples immediately after inoculation of the
beef tissue samples following the wash treatment (Table 2).
LA-, AA-, and TSP-treated beef tissue samples had signifi-
cantly lower APC populations than the untreated control. By
the end of the 3-day period of storage at 12°C there was as
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much as a 1.5-log difference between TSP-treated samples
and the untreated control; however, this was not significantly
different. By the end of the 21-day period of storage at 4°C
samples receiving any treatment had considerably lower
APC populations than the untreated C samples, but only
HW- and LA-treated samples were significantly lower.
Storage time was determined to be a significant effect for
APC for samples held at 4 or 12°C, but the interaction of
treatment and storage was not.

When analyses of treatment were determined for spe-
cific storage times and temperatures, LAB populations were
found to be significantly lower than the controls on any
antimicrobial-treated beef surface tissue immediately after
inoculation and remained low for the 24-h period of
incubation at 4°C (Table 3). Once the tissue was ground,
antimicrobial activity was lost, as indicated by lack of
significant difference between any treated tissue and C. After
3 days of storage at 12°C a lack of significant difference
between all samples was observed. This was also true for
samples incubated at 4°C for 21 days with the exception of
AA-treated samples, which had significantly lower LAB
populations than the C samples. Storage time was deter-
mined to be a significant effect for LAB for samples held at 4
or 12°C, but the interaction of treatment and storage was not.

Treatments were determined to be a significant effect
for pseudomonad populations for samples held at 4 or 12°C,
but storage times and the interaction of the two main effects
was not. When treatment effect was determined for specific
storage times and temperatures, pseudomonads were not
detectable on HW-, LA-, or AA-treated samples immedi-
ately after inoculation and the pseudomonad populations
were significantly lower than in the C samples (Table 4).
After grinding, populations from HW and LA samples
remained below detectable limits. After 21 days of storage at
4°C pseudomonads were not detected in any treated samples
while exhibiting a mean population value of 1.0 log;o CFU/g
in the C samples. Pseudomonads were detected in all sample

TABLE 2. The least squares means of mesophilic aerobic bacteria (APC populations) on beef tissue surfaces (log,o CFU/cm?)

and in resulting ground beef (log;; CFU/g)

Treatment®
Sample Storage 2.0% 2.0% 12%
period® temp. C w HW LA AA TSP
A (0.29) —_ 3.8a9 34a8 3.3aB 2.78C 3.0BC 2.5¢
B (0.30) 4.0°C 34a 3.8a 3.6a 2.7aB 3.0aB 248
0(0.17) — 2.6a 274 2.6A 2.3AB 2.2AB 198
1(0.21) 12.0°C 2.8a 2.7A 2.6A 2.3A 2.4 2.3a
2(0.37) 12.0°C 34a 2.8AB 2.8AB 2.6aB 2.28 208
3(0.61) 12.0°C 4.2A 3.6a 3.5 3.4aA 3.2a 2.7
7 (0.36) 4.0°C 3.3a 2.6AB 2.5AB 2.1B 2.5aB 1.98
14 (0.60) 4.0°C 5.2a 39a8 3.1s 3.1s 3.58 338
21(0.88) 4.0°C 6.0a 4.3AB 3.08 3.1 4.8AB 3948

¢ C, control; W, water, 32°C; HW, hot water, 70°C; LA, lactic acid; AA, acetic acid; TSP, trisodium phosphate.

b Bacterial counts were taken from beef surface tissue immediately after inoculation after receiving treatments (A) and after a periodof 24 h
at 4°C (B) and from the resulting ground beef immediately after preparation (0) and after various storage periods indicated in days.

¢ Values in parentheses indicate the pooled standard error of the mean for each row.

4 Means within a row with no common following letters are significantly different (P =< 0.05).
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TABLE 3. The least squares means of lactic acid bacteria (LAB populations) on beef tissue surfaces (log;y CFU/cm?) and in resulting

ground beef (log,;o CFU/g)

Treatment?
Sample Storage 2.0% 2.0% 12%
period? temp. C w HW LA AA TSP
A (0.16) — 2.1a4 1.6 1.7aB 0.1c 0.5c 0.2c
B (0.16) 4.0°C 1.1B 1.8a 0.88 0.1c 0.2c 0.1c
0(0.13) — 0.2aBC 0.5A 0.4aB 0.3aB 0.1BC 0.0c
1(0.25) 12.0°C 0.8a 0.8a 0.5 0.7a 0.4a 0.1a
2 (0.45) 12.0°C 2.3a 1.6aB 1.2B 1.6AB 1.28 0.98
3(0.64) 12.0°C 2.8a 2.6A 1.5 2.4a 2.2A 1.6a
7 (0.40) 4.0°C 1.7a 0.6a8 0.6aB 0.58 0.8aB 0.08
14 (0.81) 4.0°C 2.8a 1.9aB 048 2.1aB 1.1aB 0.48
21(0.89) 4.0°C 39a 2.9a8 1.58 2.2AB 1.38 2.0aB

4 C, control; W, wateg, 32°C; HW, hot water, 70°C; LA, lactic acid; AA, acetic acid; TSP, trisodium phosphate.

b Bacterial counts were taken from beef surface tissue immediately after inoculation after receiving treatments (A) and after a period of 24 h
at 4°C (B) and from the resulting ground beef immediately after preparation (0) and after various storage periods indicated in days.

¢ Values in parentheses indicate the pooled standard error of the mean for each row.

4 Means within a row with no common following letters are significantly different (P < 0.05).

types after 3 days at 12°C, but these population levels were
significantly lower in the C samples than for HW-, LA-, and
AA-treated samples.

E. coli O157:H7 was not detected on LA- or TSP-
treated samples immediately after inoculation onto beef
tissue and was detected at significantly higher levels in the C
samples (Table 5). After grinding, there was no significant
difference between populations from HW, LA, AA, TSP, and
C samples. The bacterium remained undetected in the LA-
and TSP-treated samples. After 3 days at 12°C E. coli
O157:H7 was not detected in any of the antimicrobial-
treated samples, and the populations of this organism in W,
HW, LA, AA, and TSP samples were significantly lower
than in C samples. When samples were held at 4°C for 21
days, E. coli O157:H7 was not detected in any samples
except for some replications of HW-treated samples; how-
ever, the population levels in the latter samples were low,

and there were no significant differences observed between
any of the mean values. Storage times and the interaction of
treatment and storage time were determined to be a signifi-
cant effect for E. coli O157:H7 held at 12°C. While
treatments were determined to be a significant effect at 4°C,
the storage times (P = 0.069) and the interaction of the two
main effects (P = 0.047) were not.

L. innocua was present at significantly higher levels on
W, HW, and C samples than LA, AA, or TSP samples
immediately after inoculation (Table 6). After grinding, the
bacterium was not detected in any of the samples that had
received a chemical antimicrobial treatment, while present
in W, HW, and C samples. This condition remained consis-
tent throughout both 4 and 12°C storage, except in the case
of TSP, where very low levels were detected after 21 days at
4°C. After both storage periods W and HW samples
exhibited significantly lower population means than the C

TABLE 4. The least squares means of pseudomonads on beef tissue surfaces (log;g CFU/cm?) and in resulting ground beef (log;o CFU/g)

Treatment®
Sample Storage 2.0% 2.0% 12%
period® temp. C w HW LA AA TSP
A (0.17) — 0.5a8¢ 0.6a 0.0c 0.0c 0.0c 0.1Bc
B (0.10) 4.0°C 0.1 1.3a 0.08 0.08 0.0 0.08
0(0.12) _ 0.2a8 0.5a 0.08 0.0 0.2aB 0.18
1(0.19) 12.0°C 054 0.5a 0.2a 0.2a 0.1a 0.0a
2(0.30) 12.0°C 0.9a 0.18 0.18 0.08 028 0.4aB
3(054) 12.0°C 2.0a 0.6aB 0.18 0.18 0.1s 0.6AB
7 (0.18) 4.0°C 0.6a 0.0 0.08 0.0 0.1a8B 0.08
14 (0.55) 4.0°C 1.5a 0.0B 0.08 0.0 0.0 0.9a8
21(0.41) 4.0°C 1.0a 0.0a 0.0a 0.0a 0.0a 0.0a

2 C, control; W, water, 32°C; HW, hot water, 70°C; LA, lactic acid; AA, acetic acid; TSP, trisodium phosphate.

b Bacterial counts were taken from beef surface tissue immediately after inoculation after receiving treatments (A) and after a period of 24 h
at 4°C (B) and from the resulting ground beef immediately after preparation (0) and after various storage periods indicated in days.

¢ Values in parentheses indicate the pooled standard error of the mean for each row.

4 Means within a row with no common following letters are significantly different (P < 0.05).

4
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TABLE 5. The least squares means of Escherichia coli 0157:H7 on beef tissue surfaces (log,;g CFU/cm?} and in resulting ground beef

(log,o CFU/g)
Treatment?

Sample Storage 2.0% 2.0% 12%

period® temp. C w HwW LA AA TSP
A (0.11) — 2.1a4 1.8AB 1.9a8 0.0c 1.6 0.0c
B (0.11) 4.0°C 1.48 1.8a 1.6aB 0.0c 0.2c 0.0c
0 (0.08) — 0.1 0.4a 0.18 0.0 0.18 0.08
1(0.11) 12.0°C 0.3aB 0.6A 0.1BC 0.0c 0.1BC 0.0c
2(0.22) 12.0°C 1.3a 0.28 0.3 0.0 0.1s 0.0
3(0.32) 12.0°C 1.9a 0.58 0.88 0.0 0.0 0.0
7(0.05) 4.0°C 0.1a 0.2a 0.0a 0.0a 0.1a 0.0a

14 (0.00) 4.0°C 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

21 (0.09) 4.0°C 0.0a 0.0a 0.2a 0.0a 0.0a 0.0a

2 C, control; W, water, 32°C; HW, hot water, 70°C; LA, lactic acid; AA, acetic acid; TSP, trisodium phosphate.

b Bacterial counts were taken from beef surface tissue immediately after inoculation after receiving treatments (A) and after a period of 24 h
at 4°C (B) and from the resulting ground beef immediately after preparation (0) and after various storage periods indicated in days.

¢ Values in parentheses indicate the pooled standard error of the mean for each row.

4 Means within a row with no common following letters are significantly different (P < 0.05).

samples, but significantly higher levels than found in any of
the chemical antimicrobial-treated samples. Storage times
and the interaction of treatment and storage time were deter-
mined to be a significant effect for L. innocua held at 4 or 12°C.

Treatments were determined to be a significant effect
for S. typhimurium held at 4 or 12°C (Table 7). S. typhimu-
rium was not detected on LA- or TSP-treated samples of
beef carcass surface tissue after inoculation. The bacterium
remained undetectable after the beef was ground for these
two treatments. However, when treatment effect was deter-
mined for specific storage times and temperatures, there was
no statistical difference between the control mean and any of
the sample means, regardless of treatment. After 21 days of
4°C storage, the LA- and TSP-treated samples remained
below the detectable limits, but all sample means remained
statistically similar. After 3 days at 12°C the chemical

antimicrobial treatment samples yielded significantly lower
levels of S. typhimurium than the W, HW, and C samples, as
much as 3.1 log;o lower than C samples. For incubation at
12°C storage time was determined to be significant, but this
was not the case for incubation at 4°C or for either storage
temperature for the interactions.

Treatments, storage times, and the interaction were
determined to be significant effects for C. sporogenes held at
4°C (Table 8). At 12°C only treatments were determined to
produce a significant effect. Vegetative cells of C. sporo-
genes were not detected in any samples receiving an
antimicrobial treatment at any time during the study. The C
samples did exhibit the presence of the bacterium through-
out the 12°C incubation, but it was not detected after 14 days
when samples were incubated at 4°C. The W- and HW-
treated samples behaved similarly to the C samples.

TABLE 6. The least squares means of Listeria innocua on beef tissue surfaces (log;g CFU/cm?) and in resulting ground beef (log;o CFU/g)

Treatment®

Sample Storage 2.0% 2.0% 12%
period® temp. C w HW LA AA TSP
A (0.15) — 1.9a4 1.5a 1.5A 0.18 0.38 0.08
B (0.19) 4.0°C 1.4a 1.9a 1.4a 0.0 0.08 0.08
0(0.12) — 0.38c 0.9a 0.7aB 0.0c 0.0c 0.0c
1(0.15) 12.0°C 1.0a 0.9a 0.7a 0.08 0.08 0.08
2(0.25) 12.0°C 194 1.18 0.78 0.0c 0.0c 0.0c
3(0.35) 12.0°C 2.7A 1.58 1.28 0.0c 0.0c 0.0c
7(0.25) 4.0°C 2.0a 0.98 0.78C 0.0c 0.0c 0.0c
14 (0.46) 40°C 3.3a 148 1.28C 0.0c 0.0c 0.0c
21(0.57) 4.0°C 4.2a 208 1.98C 0.0c 0.0c 0.3c

@ C, control; W, water, 32°C; HW, hot water, 70°C; LA, lactic acid; AA, acetic acid; TSP, trisodium phosphate.

b Bacterial counts were taken from beef surface tissue immediately after inoculation after receiving treatments (A) and after a period of 24 h
at 4°C (B) and from the resulting ground beef immediately after preparation (0) and after various storage periods mdlcated in days.

€ Values in parentheses indicate the pooled standard error of the mean for each row.

4 Means within a row with no common following letters are significantly different (P < 0.05).
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TABLE 7. The least squares means of Salmonella typhimurium on beef tissue surfaces (log,y CFU/cm?) and in resulting ground beef

(log;o CFU/g)
Treatment®
Sample Storage 2.0% 2.0% 12%
period® temp. C w HW LA AA TSP
A (0.24) — 2.9a4 2.6A 2.8a 0.08 2.4a 0.0B
B (0.39) 4.0°C 2.0AB 2.8a 2.6a 0.1c 1.18 0.1c
0(0.18) — 0.5a 0.5 0.5a 0.0a 0.1a 0.0a
1(0.46) 12.0°C 1.3a 1.4A 1.3a 008 0.4AB 0.0B
2 (0.54) 12.0°C 2.4A 1.6AB 1.8AB 0.0c 0.48C 0.0c
3(0.59) 12.0°C 3.2a 2.3A 2.4a 0.2 0.58 0.18
'7 (0.23) 4.0°C 0.5AB 0.9a 0.7a 0.08 0.3aB 0.0
14 (0.17) 4.0°C 0.3aB 0.5A 0.3aB 0.08 0.2AB 0.0B
21 (0.13) 4.0°C 0.3a 0.3a 0.1a 0.0a 0.2a 0.0a

2 C, control; W, water, 32°C; HW, hot water, 70°C; LA, lactic acid; AA, acetic acid; TSP, trisodium phosphate.

b Bacterial counts were taken from beef surface tissue immediately after inoculation after receiving treatments (A) and after a period of 24 h
at 4°C (B) and from the resulting ground beef immediately after preparation (0) and after various storage periods indicated in days.

< Values in parentheses indicate the pooled standard error of the mean for each row.

4 Means within a row with no common following letters are significantly different (P =< 0.05).

DISCUSSION

The initial APC observed on the beef surface after
treatment and inoculation with feces was similar to that
observed in a previous study in this laboratory (5). Antimi-
crobial treatments were effective for reducing APC popula-
tions on beef surface tissue to a significantly lower level than
on controls (Table 2). This effect was, for the most part,
transferred into the ground samples and remained somewhat
observable after 3 days at 12°C; however, at that time there
was no significant difference between any sample types. The
long-term effectiveness was more easily observed for antimi-
crobially treated ground beef when it was stored at 4°C for
up to 21 days. Regardless of the incubation temperature, it
should be noted that the control mean was considerably
higher than the mean for any treated samples at the end of
the study. While the lower counts for chemical antimicrobial-

treated samples were expected, the lower counts for HW
samples were not. Organic acids have been shown to afford
some residual antimicrobial effect on beef surface tissue and
also in the resulting ground beef during other studies (3-5,
24). However, HW treatments should not afford the surface
any residual antimicrobial capabilities and this type of effect
has not been observed during other studies in this laboratory
(3-5). The effect was also observed for LAB populations in
HW-treated samples (Table 3). Since LAB have been
determined to be the prevalent microflora during extended
refrigeration of ground beef (8, 14), the low counts observed
for APC are likely a reflection of reduced LAB levels.
Pseudomonads counts were generally lower than in a
similar study conducted in this laboratory (3). However, the
overall patterns of growth and survival experienced for
pretreatment-inoculated pseudomonads observed previously

TABLE 8. The least squares means of Clostridium sporogenes on beef tissue surfaces (log;; CFU/cm?) and in resulting ground beef

(logio CFU/g)
Treatment®

Sample Storage 2.0% 2.0% 12%
period® temp. C w HW LA AA TSP
A (0.29r — 2344 17a 1.7a 0.0 0.0 008
B (0.13) 4.0°C 0.3A 0.3a 0.0a 0.0a 0.0a 0.0a
0(0.17) — 0.6a 0.6a 0.3a8 0.0 0.0 008
1(0.10) 12.0°C 0.4 0.1a8 0.1aB 0.08 0.0 0.0B
2 (0.09) 12.0°C 0.4a 0.1s 0.0 0.08 0.0 0.0
3(0.10) 12.0°C 0.3a 0.1aB 0.0 0.08 0.0 0.0
7 (0.07) 4.0°C 0.2a 0.0a 0.0a 0.0a 0.0a 0.0a
14 (0.00) 40°C 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
21 (0.00) 4.0°C 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

4 C, control; W, water, 32°C; HW, hot water, 70°C; LA, lactic acid; AA, acetic acid; TSP, trisodium phosphate.

b Bacterial counts were taken from beef surface tissue immediately after inoculation after receiving treatments (A) and after a period of 24 h
at 4°C (B) and from the resulting ground beef immediately after preparation (0) and after various storage periods indicated in days.

€ Values in parentheses indicate the pooled standard error of the mean for each row.

4 Means within a row with no common following letters are significantly different (P < 0.05).
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were not changed. Low initial numbers of pseudomonads
were observed on the W and C samples, but pseudomonads
were not detected on the initial HW, LA, AA, or TSP
samples or in the HW, LA, AA, and TSP samples after
grinding or at the end of the 21 days at 4°C. While some
growth was detected in these samples after 3 days at 12°C,
the levels in HW-, LA-, and AA-treated samples were
significantly lower than those in the C samples. Based on
these results it would appear that organic acid or HW carcass
treatments will aid in the extension of the time before the
onset of spoilage should the resulting ground beef be
subjected to mild thermal abuse.

An attempt to introduce detectable levels of E. coli
0O157:H7 into ground beef through post-slaughter-process
contamination of the carcass with low levels of the bacte-
rium was effectively controlled by the LA and TSP treat-
ments. As observed in a previous study (5), AA treatments
were less effective than LA and TSP at producing initial
reductions, but by the end of the storage periods the
bacterium was undetected. After 21 days at 4°C, E. coli
O157:H7 was not detected except in HW-treated samples at
low levels. However, at the warmer storage temperature of
12°C, the C samples had a significantly higher mean value
than any treated samples. As was determined for beef
carcass surface tissue (5), LA, AA, and TSP carcass washes
generally provided the best suppression of E. coli 0157:H7
in ground beef as evidenced by the inability to detect it after
3 days when the ground beef was stored at 12°C.

All chemical antimicrobial treatments effectively re-
duced the ievels of L. innocua on the subsequently inocu-
lated beef surface tissue in a similar fashion to that observed
in other studies conducted in this laboratory (5). Once the
tissue was ground, the bacterium was not detectable, and it
remained that way throughout the study. TSP-treated samples,
while not significantly different from the organic acid
treatments, did allow L. innocua to recover to detectable
levels after prolonged storage at 4°C. The reduced ability of
TSP to control the growth of L. innocua for extended periods
of time on beef surface tissue has been previously docu-
mented (4, 5).

L. innocua did not grow well in ground beef resulting
from tissues previously subjected to W or HW treatments.
This was not unexpected since other studies have demon-
strated that L. monocytogenes does not grow well in ground
beef when held under refrigerated temperatures for up to 15
days (2, 13, 15). However, L. innocua grew more rapidly in
C samples, achieving a mean level of 4.2 log;y CFU/g after
21 days of refrigerated storage. The ability of the bacterium
to grow to significantly greater levels in C samples com-
pared to W- or HW-treated samples has not been observed in
previous studies involving similar treatments in this labora-
tory (3) and seems to contradict observations made by other
researchers (2, 13, 15). This finding would support that of
Barbosa et al. (1), who observed that L. monocytogenes grew
more rapidly in ground beef with a pH above 6.0. The
21-day pH of the ground beef in the current study was 6.06,
unlike past studies conducted in this laboratory when the pH
of untreated control samples held under similar temperatures
and times was determined to be 5.59 (3). During the present
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study the pH values of C samples (6.06) were determined to
be significantly higher (P < 0.001) than that of the W- or
HW-treated samples (pH 5.76 and 5.81, respectively). Since
the final pH of ground beef is somewhat variable, it appears
that of the interventions studied the use of an organic acid or
TSP carcass wash intervention would add the most signifi-
cant level of protection from post-carcass-process contami-
nation by Listeria spp. for ground beef.

As with the two previous bacteria discussed, AA
treatments seemed to produce the smallest initial reductions
in S. typhimurium populations when compared with LA or
TSP. However, by the end of the 12°C storage period, the
LA, AA, and TSP samples all had means significantly lower
than the washed samples or the C samples. When samples
were held for 21 days at 4°C, S. typhimurium levels did not
change substantially in any of the sample types over time.
This was expected since it is well documented that Salmo-
nella spp. do not grow well at refrigerated temperatures (18).
However, the occurrence of Salmonella spp. in retail ground
beef has been documented through survey studies (7, 19).
Mates (1/9) determined that the incidence of Salmonella
contamination in 519 samples of frozen ground beef paral-
leled the increase in aerobic bacterial counts and probably
reflected poor sanitation during handling. The current study
indicates the use of a chemical antimicrobial wash during
beef carcass processing would substantially reduce the risk
of Salmonella presence in the resulting ground beef.

Populations of C. sporogenes introduced posttreatment
responded in this study to antimicrobial treatments in a way
similar to that in previous studies on beef surface tissue (5).
The gradual reduction over time of different Clostridium
spp. inoculated into ground beef and stored at various
refrigeration temperatures has been observed by other
researchers (10). The persistence of the bacterium in the C
samples and nondetection from antimicrobial-treated ground
beef after short-term storage at 12°C demonstrate the value
of using -an antimicrobial on beef carcasses during the
slaughter process.

In general, this study demonstrates the benefits of a
decontamination step, as a last step during the slaughter
process for beef carcasses, to the resulting ground beef. In
particular, the initial carcass surface bacterial reductions
produced by chemical antimicrobial spray applications are
observable in the ground beef produced from these carcasses
and reductions are maintained over time during refrigerated
storage. Additionally, chemical antimicrobial carcass sprays
tend to minimize the positive effect which short-term
temperature abuse has on pathogen growth and survival in
ground beef.

ACKNOWLEDGMENTS
The authors wish to thank Dawn Wiseman, Julie Dyer, Carole Smith,

and Jane Long for their expert technical assistance, and also James Wray -

and Darrell Light for statistical analyses.
REFERENCES

1. Barbosa, W. B, . N. Sofos, G. R. Schmidt, and G. C. Smith. 1995.
Growth potential of individual strains of Listeria monocytogenes in
fresh vacuum-packaged refrigerated ground top rounds of beef. J.
Food Prot. 58:398-403.



1622

10.

11.

12.

DORSA ET AL.

Buchanan, R. L., and L. A. Klawitter. Effectiveness of Carnobacte-
rium piscicola LKS5 for controlling the growth of Listeria monocyto-
genes Scott A in refrigerated goods. J. Food Safety 12:219-236.
Dorsa, W. J., C. N. Cutter, and G. R. Siragusa. 1997. Bacterial profile
of ground beef made from carcass tissue contaminated with patho-
genic and spoilage bacteria before being washed with hot water,
alkaline solution, or organic acid then stored at 4 or 12°C. J. Food
Prot., in press.

Dorsa, W. J,, C. N. Cutter, and G. R. Siragusa. 1997. Effects of acetic
acid, lactic acid and TSP on the microflora of refrigerated beef carcass
surface tissue inoculated with Escherichia coli O157:H7, Listeria
innocua, and Clostridium sporogenes. J. Food Prot. 60:619-624.
Dorsa, W. J., C. N. Cutter, and G. R. Siragusa. 1998. Long-term effect
of alkaline, organic acid, or hot water washes on the microbial profile
of refrigerated beef contaminated with bacterial pathogens after
washing. J. Food Prot. 61:300-306.

Eisel, W. G,, R. H. Linton, and P. M. Muriana. 1997. A survey of
microbial levels for incoming raw beef, environmental sources, and
ground beef in a red meat processing plant. Food Microbiol.
14:273-282.

Food Safety and Inspection Service (FSIS). 1996. National federal
plant raw ground beef microbial survey August 1993-March 1994.
U.S. Department of Agriculture, Washington, D.C.

Gill, C. O., and T. Jones. 1994. The display of retail packs of ground
beef after their storage in master packages under various atmospheres.
Meat Sci. 37:281-295.

Gill, C. O., K. Rahn, K. Sloan, and L. M. McMullen. 1997.
Assessment of the hygienic performances of hamburger patty produc-
tion processes. Int. J. Food Microbiol. 36:171-178.

Goepfert, J. M,, and H. U. Kim. 1975. Behavior of selected
food-borne pathogens in raw ground beef. J. Milk Food Technol.
38:449-452.

Grigoriadis, S. G., P. A. Koidis, K. P. Vareltzis, and C. A. Batzios.
1997. Survival of Campylobacter jejuni inoculated in fresh and frozen
beef hamburgers stored under various temperatures and atmospheres.
J. Food Prot. 60:903-907.

Gustavsson, P., and E. Borch. 1993. Contamination of beef carcasses
by psychrotophic Pseudomonas and Enterobacteriaceae at different
stages along the processing line. Int. J. Food Microbiol. 20:67-83.

13.

14.

15.

16.

17.

18.

15.

20.

21.

23.

24,

25.

J. Food Prot., Vol. 61, No. 12

Harmayani, E., J. N. Sofos, and G. R. Schmidt. 1993. Fate of Listeria
monocytogenes in raw and cooked ground beef with meat processing
additives. Int. J. Food Microbiol. 18:223-232.

Jaye, M., R. S. Kittaka, and Z. J. Ordal. 1962. The effect of
temperature and packaging material on the storage life and bacterial
flora of ground beef. Food Technol. 16:95-98.

Johnson, J. L., M. P. Doyle, and R. G. Cassens. 1988. Survival of
Listeria monocytogenes in ground beef. Int. J. Food Microbiol.
6:234-247.

Johnson, M. G, T. C. Titus, L. H. McCaskill, and J. C. Acton. 1979.
Bacterial counts on surfaces of carcasses and in ground beef from carcasses
sprayed or not sprayed with hypochlorous acid. J. Food Sci. 44:169-173.
Labbe, R. G., and T. H. Huang. 1995. Generation times and modeling
of enterotoxin-positive and enterotoxin-negative strains of Clos-
tridium perfringens in laboratory media and ground beef. J. Food Prot.
58:1303-1306.

Matches, J. R., and J. Liston. 1968. Low temperature growth of
Salmonella. J. Food Sci. 33:641-645.

Mates, A. 1983. Microbiological survey of frozen ground meat and a
proposed standard. J. Food Prot. 46:87-89.

Nortje, G. L., L. Nel, E. Jordaan, and K. Badenhorst. 1990. The
aerobic psychrotophic populations on meat and meat contact surfaces
in a meat production system and on meat stored at chill temperatures.
J. Appl. Bacteriol. 68:335-417.

Palumbo, S. A, A. Pickard, and J. E. Call. 1997. Population changes
and verotoxin production of enterohemorthagic Escherichia coli
strains inoculated in milk and ground beef held at low temperatures. J.
Food Prot. 60:746-750.

Ray, B., C. Johnson, and R. A. Field. 1984. Growth of indicator,
pathogenic and psychrotrophic bacteria in mechanically separated beef,
Jean ground beef and beef bone marrow. J. Food Prot. 47:672-677.

Shelef, L. A. 1989. Survival of Listeria monocytogenes in ground beef
or liver during storage at 4 and 25°C. J. Food Prot. 52:379-383.
Smulders, F. J,, and C. H. J. Woolthuis. 1985. Immediate and delayed
microbiological effects of lactic acid decontamination of calf car-
casses—influence on conventionally boned versus hot-boned and
vacuum-packaged cuts. J. Food Prot. 48:838-847.

Walls, L, and V. N. Scott. 1996. Validation of predictive mathematical
models describing the growth of Escherichia coli O157:H7 in raw
ground beef. J. Food Prot. 59:1331-1335.



